I. INTRODUCTION
The chemical abundance of the interstellar matter (ISM) provides an important clue in establishing the Galactic chemical evolutionary scenario. Young stars have been newly born from such ISM that consists of materials released by dying stars. In this respect, the understanding of the mechanism of the mass loss of an intermediate star of 1 -6 M ⊙ at its last stage of evolution, and its shaping into a planetary nebula (PN) would be interesting. The planetary nebula NGC 6803, located near the Galactic plane (l=46
• , b =4.1 • ) at a distance of about 2 kpc, is known as an object receding from us with V r = 11.3 -14.9 km s −1 . The overall shape of the main shell is an elliptical ring, whose size is about 6 ′′ ×4. ′′ 5. A PN emits various forbidden lines from UV to IR wavelengths, but in occasion it also shows some permitted lines. NGC 6803 is known to be an object of permitted lines such as OII, NII, similar to the well known Saturn nebular NGC 7009. We derive the expansion velocities of the ions and their physical conditions based on various forbidden and permitted lines secured with the Hamilton Echelle Spectrograph (HES) at Lick observatory.
In §2, the observations of the HES spectral data are
Corresponding Author : S. Hyung summarized. Spectral data analysis and variation of expansion velocities vs. ionic potential energy are given in §3. In §4, we give a brief conclusion for our study.
II. OBSERVATIONS AND DATA ANALYSIS
Our optical data were obtained with the HES at the Coudé focus of the 3m Shane Telescope of the Lick Observatory on 1995 August 18 (UT) and 2001 August 29 (UT), respectively. We obtained long and short exposures, i.e. 120 & 2 minutes in 1995 and 60 & 3 minutes in 2001, respectively. Although we referred to both data, we used the 1995 spectra in this study. The typical seeing was about ∼1.
′′ 0. We used a large 2048×2048 pixel CCD, which covered the whole HES echelle spectral pattern at a single exposure. The spectroscopic slit employed was 640 µm in width, which amounted to ∼1.
′′ 4 for image size at the Hamilton Telescope Coudé focus. For this slit width, the limiting resolution on the CCD chip was about 2 pixels, which correspond to △λ = 0.05 & 0.15Å at 3600 & 8850Å, respectively. The slit length of 5 ′′ was chosen to avoid confusion of successive echelle orders.
For spectral calibration, we took exposures of a ThAr arc lamp to set the wavelength dispersion scale, exposures of a dome-quartz lamp to fix a flat field that allowed us to correct for pixel-to-pixel sensitivity fluctu- ations, and finally, exposures on the 2 standard stars of known spectral energy distribution, i.e. BD+28
• 4211 & 58 Aql. These standard stars were observed with a slightly larger slit size 1.
′′ 8×5 ′′ to eliminate atmospheric dispersion effects served as spectrophotometric standards.
With the National Optical Astronomy Observatory IRAF echelle data reduction package, we extracted nebular spectral lines from raw images, employing Th-Ar maps to identify lines. The data reduction procedures are described in Hyung (1994) . In Fig. 1 , we present one spectral scan to show the quality of our HES data, taken from the 120 minute (or 2 hour) exposure. We chose the 2 hour exposure, since the spectral image with relatively long exposure would give high quality signal to noise ratios even for the permitted lines of weak intensity. We also needed the additional 2 minute short exposure to avoid the saturation for the stronger lines. To fix the interstellar reddening, we corrected the observed fluxes with an extinction coefficient of C=0.63 or A v = 1.3 [C = log I(Hβ)/F(β)]. This extinction parameter is obtained from a comparison of the observed Balmer line ratios and Balmer vs. Paschen line ratios with the theoretical ones (assuming T ϵ =10 000 K). Table 1 gives the electron temperatures and densities of NGC 6803, obtained from the diagnostic line ratios. Detailed descriptions on how to derive the physical condition based on the strategically important diagnostic lines are given in Hyung (1994) . Except for that of [NI] , the electron densities are 5000 -9000 cm −3 . The electron temperature of the lower excitation [NII] line is higher than that of the high excitation lines, [OIII] or [ArIII] . This could be due to hardening of the UV photons at the outer shell boundary: The soft UV photons are generally absorbed first in the inner shell and as a result, the gases in the outer shell would be ionized by the remaining hard UV photons, resulting a high electron temperature at the edge of the shell. We assume N ϵ = 8000 cm −3 in finding the electron temperatures, T ϵ , whereas we use T ϵ = 9700 K for a derivation of electron density, N ϵ .
In this investigation, we will concentrate the expansion velocities obtained from the line profile analysis. Hence, we do not list the whole number of lines. The detailed analysis for the whole line list will be given in the other abundance study in the near future.
Since NGC 6803 is an ellipsoidal geometry, the different electron temperatures and densities found from the different ions and their ionic stages must be related to a radial distance of the emitting region from the central star of planetary nebula (CSPN) due to the axial distance difference. In the prolate hollow ellipsoid, there are two distinct regions: the equatorial region (closer to the CSPN) and the distant polar region. The density of the former equatorial zone must be higher than that of the latter polar cone. Fig. 2 shows the schematic model geometry of NGC 6803 (the observer is e.g. at i ∼ 50
• ) and its cross-section (edgeon view). If we correspond the diagnostically derived physical condition to the model geometry, the lines of high electron density must be coming from the equatorial zone, e.g. with N ϵ ∼ 10 000 cm −3 , while the lines of low density from the polar shell, e.g. with N ϵ ∼ 2000 cm −3 . We do not try to allocate the electron temperatures to the model geometry, though, since there seems to be a temperature reversal zone, i.e. T ϵ ([NII]) > T ϵ ([OIII] ) due to the excitation of the hardened UV photons in the outer shell boundary. Fig. 3 displays the line profiles of [OIII] 5007, which shows a double peak line profile. The line intensity from the redshift (or receding) component, is stronger than that of the blueshift one. Using the Starlink Dipso, we decomposed the line profiles; and we measured each Table 2 . The flux ratio of the red to blue components is 1.2 -1.4. Although NGC 6803 appears to be a fairly symmetrical ellipsoid, the detailed structure is perhaps not simple. These 3 and most other lines imply that the receding shell of NGC 6803 has a stronger emission than the approaching one. From the separation of the two peaks in the decomposed line profiles as in Fig. 3 , one can directly estimate the expansion velocity, V exp (△p). Meanwhile, one can also estimate the expansion velocity, V exp , based on the FWHM of the single line profile
III. ANALYSIS OF LINE PROFILES
. Such derivations for 3 lines are also given in the last two columns of Table 2 (detailed method follows).
Since the PN itself consists of many stratified shells of different expansion velocities, the width of the integrated line profiles will become wider. The emission lines also subject to broadenings by various other sources. These sources are (1) natural broadening, V n ; (2) thermal broadening, V th ; (3) instrumental broadening, V inst ; (4) fine structure broadening, V f s ; and (5) turbulence, V trb . Correcting these sources, we can estimate the pure shell expansion velocity, V exp using
2 . To estimate the spectrograph's instrumental broadening, V inst = c· △λ λ , we measured the unsaturated ThAr lamp line FWHM of the Lick HES system, i.e. V inst = 7.892 km s −1 . Thermal broadening velocity can be found from V th = (8kT e ln2/m)
0.5 km s −1 (Clegg et al. 1999) , where k is the Boltzman constant and m atomic weight. In estimating the thermal broadening, we assumed the electron temperature T e = 9700 K (see Table 1 ). For the Hα fine structure, we refer to Clegg et al. (1999) . For other permitted lines, we assume V f s = 5 km s −1 , while for the forbidden lines, we ignore, i.e. 0 km s −1 (see Sabbadin et al. 2004 Sabbadin et al. , 2005 Sabbadin et al. , 2006 . For the turbulence, we applied V trb = 5 km s −1 only to the forbidden lines (Sabbadin et al. 2006) . Table 3 , we obtained the mean values for each ion. In Table 4 , we list the mean values of expansion velocities vs. ionization potential (IP) to see the variation of the expansion velocities. Fig. 4 shows the plot of the expansion velocities vs. decreasing IP. The velocity diagram shows that the high excitation ions of high IP are emitted close to the CSPN, while the low excitation ions are emitted farther out from the center. If the PN geometry is a sphere, one can easily assume that the speed of the nebular gas increases with distance from the CSPN (Wilson 1950) .
Since the PN NGC 6803 is ellipsoidal, the prolate geometry must play an important role not only for the density contrast structure but also for the expansion velocity gradient in the pole axis. Thus, we consider the additional factor of the radial distance from the CSPN to the shell, in addition to the radially outward acceleration. With the ellipsoidal geometry mentioned in Fig. 2 , the distant polar shell is assumed to be a zone responsible for the lower density diagnostic lines, while the closer equatorial shell to be a zone for the high density diagnostic lines. The proposed density contrast structure between the polar conic zone and the equator is well known in many previous studies, e.g. Mellema (1997) . The former polar zone is bipolar caps, while the latter equatorial zone can be represented as a torus ring. The radially outward accelerated expansion still works in this new interpretation. However, the expansion is expected to be faster in the polar direction. In Fig 5, we arrange the ions in the cross-section of the proposed prolate geometry: the emission loci of various low to high ions are marked in this crosssection diagram. The velocity gradient, V exp vs. IP, and the higher electron or gas density with latitude can now be simultaneously accommodated together in this cross-section diagram. More detailed study would be desirable with some high spatial resolution images taken with the more sophisticated telescope, e.g. Hub- ′′ 25. If the distance is known, the polar radius can be easily inferred. The polar radius however, cannot be calculated from the observed angular radius of 3 ′′ unless the inclination angle (i) is known. As in Fig. 2 & Fig. 5 , if we introduce an inclination of i = 50
• of the axis relative to the line of sight, the r a /r b of the PN would be about 1.8. One cannot evaluate the exact inclination of any individual object, but the average value for randomly distributed bilaterally symmetric objects can be statistically derived as i ≃ 57
• . Our assumed inclination (or r a /r b ) is slightly smaller than this statistical mean value. This choice would not change our conclusion, though.
For an assumed distance of 2 kpc, the polar and equatorial shell radii would then be 0.034 & 0.019 pcs. By looking at the optical appearance of the PN, the rim or shell thicknesses are assumed to be 0.009 & 0.005 pcs (about 1/3 -1/4 of the outer shell radii). The [OI], [OII] , & [SII] are strongest near the polar cap, while the HeII and other high excitation lines are stronger near the equator. However, the inner shell boundary of the polar cap might be a small amount of high to medium excitation lines. One expects that the medium excitation lines such as [OIII] 5007 are dominant in the middle latitude zone, though! Many PNe showed an evidence of faster expansion speed in the polar direction, especially prominent in the case of bi-polar or butterfly shaped objects like NGC 2440 (Hyung & Aller 1998) . Most lines have two components, the blue and the red. If the polar cap is responsible for the [OI] emission and if the observer is looking at the PN from the polar axis (i = 0
• ), the blueshift portion is expected from the expanding shell close to the observer, while the redshift portion is from the other outwardly expanding (located on the farther side of the outwardly expanding shell). We further divide each cap into 3 sub zones: the (slowly expanding) inner boundary (r ∼ 0.025 pc); middle zone (r ∼ 0.030 pc) with medium or average speed shell, and the swiftly expanding outer edge shell (r ∼ 0.034 pc). The same can be applied to the high excitation HeII emitting equatorial shell: e.g. 9.95 km s −1 at the inner shell of 0.014 pc, ∼15 km s −1 at 0.0165pc; and 17.51 km s −1 at the outer shell of 0.019 pc. For the medium excitation line [OIII], the differences are larger, 1.77, 11.95, & 22.13 km s −1 . Such velocity differences are expected, since the shell of gas would be accelerated right after leaving the surface of the CSPN a few thousand years before it reaches the terminal velocity (see Hyung, Aller, & Feibelman 1993; Castor, Lutz, & Seaton 1981) .
The exact expansion velocities cannot be obtained from the observed radial velocities, since we do not know the true inclination angle of the object. If the assumed geometry with i = 50
• is truly the case for NGC 6803, we may be able to roughly estimate the correction factor from the model geometry: the expansion velocities of low excitation lines (emitted from the polar caps) can be increased up to 56% or by about 1/cosi or 1.56, while those of high excitation lines (emitted from the equatorial zone) up to 30% or by about 1/sini or 1.3. However, this figure or factors are highly speculative, since we do not know the exact projection angle of the ellipsoidal shell. Nonetheless, the actual expansion velocities are obviously higher than the values given in Tables 3 & 4 .
IV. COLLISIONAL AND RECOMBINATION LINES FROM THE SAME IONS?
Since the launch of IUE satellite, it has been a long standing problem that the chemical abundance derived from the recombination lines is not in agreement with that of the forbidden lines. Although the chemical abundance derivation for all the available lines is beyond the current limit, we will check ionic abundances of O 2+ derived by different lines. The O 2+ ionic abundance for recombination lines can be derived from 
where α(λ) = α j B(λ). Here, the branching ratio B(λ) is adopted from Liu et al. (1995) ; and the recombination coefficients α(Hβ) & α j are calculated using the Péquignot et al. (1991) and Storey (1994) =1095.28 . As found in other PNe, the ionic abundance derived from the recombination line is about 5 times larger than that from the forbidden lines. Fig. 6 shows the spectrum of OII4649 which clearly displays the double peaks. From the OII4649 profile, we were able to measure both velocities which can be compared with that of the [OIII] lines (see Table 3 ). There are two other weak OII lines, λ4651 & λ4072, available for our study. The former is too weak to trace the line profile, while the latter is fairly good to measure its FWHM (but not measurable the double peaks). From the latter, we also derived the expansion velocity based on the FWHM. Note that expansion velocities derived from OII4649,4072 and [OIII]4959,5007 are quite similar, i.e. V exp ∼ 22.7 km s −1 . The line profile shapes of both OII4649 and [OIII]5007 imply that the emissions might be coming from the same shell. Are the forbidden & permitted lines emitted from the zone of the same physical condition? We inspect the intensity ratio of the redshift to blueshift component: the OII4649 component gives ∼0.78, while the [OIII]5007 gives about 1.14. Note that the blueshift line profile or the approaching component in the permitted OII line intensified for some unknown reason.
The reversed red to blue component ratio or the stronger blueshift component of the OII line is hard to understand, considering that most other collisional lines show the same trend. So, there are two possibilites with the OII emission: (1) it could be from the same shell of the [OIII] lines; (2) it could different shells of different latitudes or different orientation, although their distances and the expansion velocities are about the same. The latter case of the geometrical effect might affect the emission strength. If the orientation or the latitude of the emitted zone of the OII lines is different from that of [OIII] lines, one cannot assume that their physical condition, i.e. electron temperature and density, is the same in calculating the ionic abundance estimation. The O 2+ /H + ionic abundance derived from the permitted lines is about 5 times larger than that derived from the forbidden lines. The answer to this discrepancy may be found from the line profile shape, i.e. stronger blue component of OII lines. Note that the expansion velocities of high excitation HeI or HeII lines are similar to those of OII or [OIII] lines (see Table 3 ). Table 5 lists the blue to red component line ratios of HeI, HeII, and OII. The HeI value in Table 5 is similar to the other forbidden lines (see Table 2 ), but the HeII value appears to be similar to the OII one. The blue or approaching component is stronger than the red one in HeII & OII. The zone responsible for HeII emission is perhaps the same as that of the OII emission. Barlow et al. (2006) found the expansion velocities of the OII lines were smaller than those of the [OIII] lines in two PNe, NGC 7009 and NGC 6153. If so, the OII lines are emitted from the inner shell. They concluded that [OIII] and OII lines cannot originate from the same identical zone. Although the expansion velocities seem to indicate that both might have been formed in the same zone, the line profiles suggest that they are from different zone of different orientation or different latitude. The present 2 hour exposure did not give good S/N profiles especially in the case of weakly registered permitted lines. These weakly measured permitted (or recombination) lines should be analyzed further in future studies when they are available in a much longer exposed spectral image.
Several scenarios have been proposed to solve this discrepancy in some PNe: temperature fluctuations (Peimbert 1967) , existence of high density component (Zhang et al. 2005) , and existence of hydrogen-deficient cold component (Jacoby & Ford 1983) . The other possible line emission mechanisms are a fluorescence by the stellar UV photons or an ionic abundance enhancement due to the charge exchange with H ions. To verify the validity of these scenarios, we compared the expansion velocities derived by the collisional and recombination lines, hoping to clarify the issue. The expansion velocity indicates that they are likely to be from the same zone, while the line profile implies that they are from Tables 3 & 4 where the expansion velocities derived for these 3 ions are similar. different zone or shell of different orientation.
V. CONCLUSION
We have investigated expansion velocities, physical conditions, and structure of NGC 6803, based on the collisional and permitted lines. The stratification effect and the acceleration of the gas are well known in many PNe (Aller 1956; Wilson 1950) . Our expansion velocity vs. IP diagram also shows a presence of acceleration in NGC 6803. To explain the variation of expansion velocities and physical condition in a self-consistent way, we proposed a co-relationship between physical condition of the ions and their latitude or location in the axisymmetric prolate geometry.
We found the same expansion velocity from the [OIII] & OII lines, based on their FWHM and Doppler peaks, respectively. This result is different from those of the other PNe such as NGC 7009 & NGC 6153. The careful inspection of the intensity ratio of the redshift to blueshift lines implies that the above O 2+ lines are originated from different zone in an ellipsoidal geometry, though. The ellipsoidal geometry is likely to play an important role in line formation, as in the case of symbiotic star or a certain PN, e.g. Lee & Hyung (2000) . We conclude that the permitted lines of OII have been formed in a much restricted zone near the equatorial torus shell (i.e. HeII zone), while the [OIII] lines have been emitted from a broader area of the middle latitude of the shell. Ionic abundance discrepancy problem between the permitted lines and the collisional lines must be reexamined more carefully in future studies.
Since a large fraction of PNe show bi-lateral symmetries, the proposed expansion velocity and physical condition difference found from various lines and their latitudinal relation could be applicable to other similar planetary nebulae, as well. In case of bipolar PNe or other irregular PNe which might have been evolved from massive progenitors, the situation would be more complicated. Not only the expansion velocities but also the comparison of the red to blue line components would provide a clue for PN structure and chemical abundance discrepancy problem. This, however, must await the availability of much sophisticated observational spectra of high S/N ratio. 
